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Background:  In the Bristow-Latarjet  procedure,  optimal  positioning  of the  coracoid  bone-block  on the
anterior  aspect  of  the glenoid  (standing  or lying  on  the glenoid  rim)  remains  debated.  A biomechanical
study  assessed  the  effect  of the  position  of  the  bone-block  with  its  attached  conjoint  tendon  on  anterior
and  inferior  stabilization  of  the  humeral  head.
Materials and  methods:  The  Bristow-Latarjet  procedure  was  performed  on 8  fresh  cadaveric  shoulders.
The  bone-block  size  was systematically  at  2.5 ×  1 ×  1  cm.  Anterior  translation  of the humeral  head  was
stress  induced  under  30-N  traction,  in  maximum  external  rotation  at  0◦ and  at 90◦ abduction:  respectively,
adduction  and  external  rotation  (ADER),  and  abduction  and  external  rotation  (ABER).  Under  radiological
control,  displacement  of the  center  of  the humeral  head  was  compared  with  the glenoid  surface  at the 3,
4  and  5 o’clock  (medial,  antero-inferior  and inferior)  positions  for the  2 bone-block  positionings.
Results:  The  lying position  at 4 o’clock  substantially  decreased  anterior  and  inferior  displacement  of  the
humeral  head  respectively  in  ADER  and ABER;  and  in  ABER  it also  tended  to  decrease  anterior  translation,
but  not  signiﬁcantly.  The  standing  bone-block  position  did  not  affect  translation.
Conclusions:  Positioning  the bone-block  so  that  it lies  on the anterior  aspect  of the  glenoid  in  the  middle
of  the antero-inferior  quarter  of  the  rim  at 4 o’clock  can  decrease  anterior  displacement  of  the  humeral
head  and  inferior  glenohumeral  translation,  especially  in  ADER  for anterior  displacement  and  in ABER
for  inferior  displacement.
Study design:  Laboratory  study.. Introduction
Bristow-Latarjet surgery involves altering the coracoid process
nd the coraco-biceps tendon to stabilize the shoulder. The proce-
ure is recommended when shoulder dislocation is associated with
 bony defect of the anterior glenoid rim but can be performed as a
rst procedure for selected patients [1]. This procedure aims to sta-
ilize the shoulder by the bony effect of the coracoid process graft
ncreasing the size of the glenoid and the conjoint tendon sling
ushing back the humeral head to produce a new strong inferior
lenohumeral ligament [2]. The block must be in the antero-inferior
uarter of the glenoid rim, but the exact position remains unclear.
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During the procedure, the bone-block can be placed lying down
or standing up. Arthroscopic Bristow-Latarjet surgery can involve
both positions, but clinical experience has not shown the best posi-
tion. The current biomechanical study aimed to evaluate the effect
of positioning of the coracoid process, lying down or standing up
on the antero-inferior aspect of the glenoid, on shoulder stability
with the surgery.
2. Material and methods
The current study was  performed after approval of the local
ethics committee. We  used 8 fresh cadaveric shoulders.2.1. Technical procedure
Shoulders and arms were removed from bodies, and the entire
cuff was retained. The deltoid and pectoralis muscles and clavicle
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ere removed. The arm was retained with the shoulder intact, and
he scapula was screwed to a radiolucent support. The humeral
one was retained up to the elbow, which was dislocated, and
he forearm was removed. The Bristow-Latarjet procedure was
erformed as reported by Young [3] but without use of the coraco-
cromial ligament, to evaluate the effect of the bone with the
onjoint tendon.
With the arm in abduction and external rotation (ABER), the
oraco-acromial ligament was incised at the coracoid attachment.
ith the arm in adduction and internal rotation (ADIR) the medial
ide of the coracoid was exposed. The pectoralis minor was released
irectly from the coracoid. The “knee” of the coracoid was cut with
n oscillating saw, perpendicular to the coracoid process. Soft tissue
as removed from the inferior surface of the coracoid.
To compare results between each shoulder, the coracoid was  cut
nto a 2.5-cm graft. Two 3.2-mm holes were created in the center
f the coracoid bone-block, one in the axis of the graft and one
erpendicular to it (Fig. 1).
With the arm in external rotation (adduction and external rota-
ion [ADER]), the subscapular muscle was opened horizontally at
wo-thirds and one-third height of the tendon and muscle. The ten-
on was not closed at the end of the procedure [3] The capsule
nd anterior labrum were removed. The anterior rim was  identi-
ed and divided into superior and anterior parts. A superior point
as located at 3 o’clock, corresponding to the equator of the glenoid
urface, and an inferior point was located at 6 o’clock. Three holes
ere drilled at 3, 4 and 5 o’clock in the anterior part of the glenoid.
ith use of a speciﬁc device [4,5], 3 glenoid anchor screws were
laced in each location, perpendicular to the glenoid rim. With use
f a special compression screw, the bone graft was ﬁxed lying or
tanding on the glenoid rim for radiography and measurements.
e  tested 6 positions of the bone-block: 3 lying down (3 L, 4 L, 5) and 3 standing up (3 S, 4 S, 5 S) (Fig. 1). A stell wire identiﬁed
uperior and inferior limits of the conjoint tendon (Fig. 2).
ig. 1. Drawings A and B represent the positions of ﬁxing the coracoid bone-block:
ying down (A) and standing up (B) at the antero-inferior aspect of the glenoid.
natomical view with a lying-down graft (4L) passed through two-thirds supe-
ior and one-third inferior of the subscapular split. This adduction and external
otation (ADER) position shows the hammock effect at the crossing between the
onjoint tendon and the inferior part of the subscapularis. C. Lying-down position.
. Standing-up position. In ADER, the conjoint tendon position is displaced anteriorly
4S) and the hammock effect is not seen.: Surgery & Research 100 (2014) 509–513
2.2. Biomechanical testing
ADER and ABER were deﬁned and obtained by putting the arm
in external rotation. This extrernal rotation was assessed when
obtaining a bicondylar line of the elbow perpendiculat to the radi-
oluminescent plate use to ﬁxe the scapula. In such condition, each
shoulder was  tested with the same external rotation position.
With the arm in ADER, we  located and placed an anchor at the
center of the humeral head for creating anterior traction by pulling
on the sutures by use of an electronic dynamometer. With the arm
in ABER, we  used the same procedure with the 2 other anchors for
traction anterior (in the center of the humeral head) and inferior
(at the calcar level) to the humeral head (Fig. 2). With the arm in
ADER, 30-N anterior-axial traction systematically induced anterior
dislocation.
For each position (ADER and ABER), we obtained 3 AP and proﬁle
radiographs with and without 30-N axial traction. X-rays were per-
formed systematically parallel to the plate of ﬁxation of the scapula
for AP views to asses inferior translation. The surgical C-arm X-ray
system rotated of 90◦ to obtain proﬁle to asses anterior translation.
The center of the humeral head was deﬁned on X-rays as the cen-
ter of the smallest circle including the humeral head (point d in
the white circle, Fig. 2A). A glenoid axis (a line 2A) was designed,
passing at each extremity of the glenoid surface seen on X-rays.
Anterior displacement was  assessed in ADER and ABER by com-
paring 3 radiographs for each graft position, with and without 30-N
axial traction, by the mean differential displacement of line, per-
pendicular to the glenoid surface axis, passing through the center
of the humeral head, from 0 to 30 N axial traction.
Inferior displacement was  assessed in ABER by comparing 3
radiographs for each graft position, with and without 30-N axial
inferior traction, by the mean differential displacement over the
glenoid axis (a) and the center of the humeral head (d) (Fig. 2C).
In order to obtain a reproducible axis of traction for each
humeral head and for all humeral head, pulling on was performed
parallel or perpendicular to the plate of ﬁxation of the scapula,
depending of the tested condition.
3. Data collection
3.1. Conjoint tendon projection
To assess the “slinging” effect of the conjoint tendon body
behind the humeral head, we evaluated the coverage of the head
in each position by AP radiographs of shoulders with the superior
and inferior border of the conjoint tendon identiﬁed by steel wires.
The projection of the area of the tendon behind the humeral head
was measured for each condition by use of Surface Evolver®. This
surface was  evaluated only in ABER.
3.2. Radiological measurement
From AP and lateral radiographs obtained 3 times for each posi-
tion with and without 30-N traction, differential displacement was
measured between the center of the glenoid surface and center
of the humeral head. Mean displacement was calculated for each
position of the bone-block in each position test. Displacemnt was
measured for each case in value of millimetre but also as a ratio of
the glenoid axis surface (f, Fig. 2A) in mm/translation value in mm
(x, Fig. 2C). The glenoid axis surface was the length of the axis of
the glenoid, between each extremity of the glenoid surface.3.3. Statistical analysis
Statistical analysis involved use of R 2.13.2 software
(http://www.R-project.org, the R Foundation for Statistical
G. Nourissat et al. / Orthopaedics & Traumatology: Surgery & Research 100 (2014) 509–513 511
Fig. 2. A. Lateral radiograph showing: d point: the center of the humeral head identifyed as the center of the smallest circle involving ll the humeral head: a: glenoïd axis,
passing by the 2 extrelities of the projection of the glenoid. F segment: surface of the glenoid axis, corresponding to the size (in mm)  of the segment betxeen the 2 extremities of
the  glenoid projection. Horizontal dash line: projection of the center of the huleral head, perpendicular (90◦) to the glenoid axis ans glenoid axis surface. B. Proﬁle radiograph
showing the inferior displacement on the humeral head in abduction and external rotation (ABER). The inferior displacement is measured between the axis of the glenoid
rim  as a reference, with subtraction of the distance of the line passing through the center of the head at 0 and 30 N. Sutures were passed through the anchor located at the
calcar  and ﬁxed at the other end to the electronic dynamometer to induce 30-N traction: x: value of the translation comparing the perpendicular projection [b and c] of the
center  of the humeral head at O (d) and at 30 N (e) axial traction, to the axis of the glenoid surface (a). C: covered head; CTP: conjoint tendon projection; y and values collected
to  calculate the percentage of projection of the conjoint tendon behind the head coverage = Y/Y+. C. AP radiograph showing the projection of the conjoint tendon (identiﬁed
by  inferior and superior steel wires) behind the head in ABER. The percentage of covered head and remaining conjoint tendon under the head is measured for each coracoid
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omputing, Vienna, Austria). Data were compared by Anova, and
ifferences were statistically signiﬁcant at P < 0.05.
. Results
.1. Anterior displacement
No dislocation occurred with 30-N axial displacement in ABER
nd ADER for each graft position. For proﬁle radiographs, anterior
ifferential displacement was assessed for 30-N traction. In ADER,
ean displacement was 8.51, 10,58, and 8.59 mm for 4, 3, and 5
, respectively, and 16.42, 13.7 and 10.16 mm for 4, 3, and 5 S,
espectively (Fig. 3A and B). In ABER, mean displacement was 5.81,
.28 and 8.09 mm for 4, 3, and 5 L, respectively, and 7.03, 8.62 and
0.27 mm for 4, 3 and 5 S, respectively. In ADER, the lying-down
osition of the bone-block produced a statistically signiﬁcant differ-
nce, with better limitation of the displacement, at 5 L (P = 0.0044)
nd 3 L (P = 0.034). Displacement was signiﬁcantly lower atojection; y and z values collected to calculate the percentage of projection of the
g the perpendicular projection [b and c] of the center of the humeral head at O (d)
4 L than 3L or 5 L (P = 0.03) in ADER but was not signiﬁcant in
ABER.
4.2. Inferior displacement
In ABER, inferior displacement was  lower for 4 L than 3 or 5 L
(P = 0.032) and for all S positions (P = 0.032). Translation value was
3.03, 3.87, 6.29 mm fore 4, 3 and 5 L position and 4.88, 4.88. 5.03 mm
for 4, 3 and 5 S position (Fig. 4).
4.3. The conjoint tendon projection
In ABER, the projection of the conjoint tendon was  the same,
for the same location of the graft. At 3 o’clock (S or L) 100% of the
projection of the conjoint tendon covered the humeral head. At 4
S, 68% of the conjoint tendon covered the head, but 32% was under
the head, whereas at 4 L, 74% of the conjoint tendon covered the
head, but 26% was  under the head. At 5 S, 66% of the conjoint tendon
512 G. Nourissat et al. / Orthopaedics & Traumatology
Fig. 3. A. Anterior displacement of the humeral head in adduction and external rota-
tion (ADER) position. S, standing position; L, lying-down position. Data are mean SD.
**  P < 0.001; *** P < 0.0001 compared with (B) anterior displacement of the humeral
head  in abduction and external rotation (ABER), no difference among values.
Fig. 4. A. Inferior displacement of the humeral head in ABER. Data are mean per-
centages. B. Projection of the conjoint tendon over and under the humeral head in
ABER. Data are mean percentages.: Surgery & Research 100 (2014) 509–513
covered the head, but 34% was  under the head, and at 5 L, 69% of the
conjoint tendon covered the head, but 31% was under the head. On
proﬁle radiographs, in ABER, for each corresponding position (i.e., 3
L vs. 3 S; 4 L vs. 4 S; 5 L vs. 5 S), the projection of the conjoint tendon
systematically increased from 0.4 to 1.2 cm behind the humeral
head (Fig. 4).
5. Discussion
Since its ﬁrst description, in 1954 [6] and 1958 [5], coracoid
bone-block transfer has been greatly modiﬁed a lot. According to
the early promoters, the coracoid graft was  placed in the middle of
the anterior aspect of the glenoid. This position is obvious in the
papers of Latarjet [5] and Bristow [7]. The paper of May  [8] is more
confusing. The coracoid graft seems to be in the inferior glenoid
in the radiograph in the paper, but in the text, the author states
that the graft is placed in the middle of the anterior aspect of the
glenoid. Patte [9] was the ﬁrst author to insist on the importance
of placing the coracoid graft at the inferior part of the glenoid rim,
where the glenoid margin was  smoothed or worn by the humeral
head dislocation.
Under the inﬂuence of this author, the subscapularis muscle
is no longer totally transected and the sling effect is emphasized
[9]. Currently, most authors ﬁx the bone-block through the sub-
scapular muscle, at two-thirds superior and one-third inferior, as
initially described by Latarjet and Bristow, respecting the tendon
and thus limiting the risk of fatty inﬁltration of the muscle [10–13].
Because of this low-aggression approach, the glenoid cannot be
seen exactly and thus the exact positioning of the coracoid pro-
cess cannot be seen. Many authors report the importance of good
positioning of the bone graft behind the antero-inferior quarter of
the glenoid, emphasizing the risks of failure or complications with
bad positioning. Bad positioning of a graft is frequent. Allain [14]
reported 58%, Hovelius [15] 36%, Cassagnaud [16] 10% and Huguet
[17] 45% bad positioning. All authors agree on the importance of
perfect positioning of the bone-block: if it is too lateralized, it can
induce osteoarthritis and limit the internal rotation with conﬂict
between the graft and the humeral head. If it is too medialized,
it induces recurrent dislocation or subluxations. The exact eight
of the positioning is unclear in the antero-inferior quarter of the
glenoid. Some authors point to the risk of recurrence with position-
ing of the bone-block over the equator (3 o’clock position), whereas
Young and Walch [18] recommend placing it at a higher level on
the glenoid in patients with hyperlaxity, to increase the sling effect
of the coraco-biceps tendon on the subscapular muscle.
Two positions can be used to ﬁx the coracoid process to the
glenoid: standing up, as reported by Doursounian [4] and Boileau
[19] or lying down like Hovelius [20] or Walch and Lafosse [21].
Most authors used the lying-down position for the coracoid graft,
which differs only by the number of screws used to secure the
graft. Doursounian is the only author to clearly demonstrate the
standing-up position of the coracoid graft. However, he used a spe-
ciﬁc instrumentation and a speciﬁc screw to secure the graft against
the glenoid.
Clinical studies report the same clinical outcomes with
standing-up and lying-down positions. The increasing interest in
arthroscopic shoulder surgery has led to the development of the
arthroscopic Bristow-Latarjet procedure [19,21,22]. The procedure
is more than a choice motivated by the technical difﬁculties and
limitation of arthroscopy. Informations brought by biomechanical
tests should hep in decision-making.Many elements must be considered in choosing the position
of the coracoid process. The size of the glenoid defect can be an
element. For a larger defect, a larger graft must be used and a lying-
down graft is recommended [2]. In the current study, we  did not
tology
c
d
b
[
t
t
i
g
s
l
i
s
u
t
t
w
e
c
e
B
a
ﬁ
a
l
t
a
F
t
b
t
p
t
h
O
a
p
t
i
i
d
t
i
a
g
D
c
R
[
[
[
[
[
[
[
[
[
[
[
[
[
http://dx.doi.org/10.1016/j.arthro.2006.06.016.
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Open shoulder repair of osseous glenoid defects: biomechanical effectiveness
of  the Latarjet procedure versus a contoured structural bone graft. Am J Sports
Med  2009;37(1):87–94, http://dx.doi.org/10.1177/0363546508326714.G. Nourissat et al. / Orthopaedics & Trauma
reate a defect of the glenoid because the Bristow-Latarjet proce-
ure is largely performed in France in patients without any glenoid
one defect because of risk of recurrence for very young patients
1].
In describing the technical procedure, Walch [3] focused on
he importance of using the coraco-acromial ligament to reinforce
he stabilization of the shoulder. Wellmann [23] demonstrated its
mportance in a biomechanical study. To explore the effect of only
raft position, we did not use the coraco-acromial ligament or
uture it to the capsule. Furthermore, using the coraco-acromial
igament is not possible with the standing-up graft, because the
nsertion of the ligament is thus horizontal, and the shoulder cap-
ule insertion is vertical.
We  used the same length of graft for the lying-down or standing-
p position. A shorter graft, in a standing position, might prevent
he inferior anterior displacement because of an earlier effect of
he conjoint tendon or subscapular “hammock” rule. This method
ill decrease the size of the bone-block and should have limited
ffect on bony reconstruction of the glenoid. Those data should be
onsidered when choosing a position.
The 30-N axial traction was based on Wellmann [23], who
mphasize the importance of the subscapularis muscle in the
ristow-Latarjet procedure.
Our biomechanical study demonstrated in an anatomic model
chieving good anterior and inferior stabilization with a bone-block
xed lying down rather than standing up on the glenoid rim. For
 lying-down graft, the shoulder displacement was  signiﬁcantly
ower at 4 than 3 or 5 o’clock. Using a standing-up graft displaced
he action of the conjoint tendon forward, thus decreasing the
nterior stabilization. This ﬁnding can be explained by 2 theories.
irst, in ABER, the conjoint tendons act too late because they are
oo far from the humeral head. Second, the sling effect, created
y the crossing of the subscapular muscle is not present, because
he conjoint tendon is too anterior to the subscapular muscle, thus
reventing the hammock effect described by Patte. In this posi-
ion, the conjoint tendon covers the two-thirds inferior part of the
umeral head in ABER, thus participating in the stabilization [2].
ne important limitation of the current biomechanical study is the
ctive contraction of muscles (subscapularis and biceps) that would
lay a crucial rule in anterior shoulder stabilisation.
The size of the graft necessary to treat the glenoid defect has
o be considered by the surgeon before surgery. These biomechan-
cal ﬁndings suggest that, if the defect is large and a large graft
s needed, a lying-down graft is recommended. With not-large
efects, a standing-up position can be used, but the graft mustn’t be
oo long to prevent a too-late effect of the conjoint tendon cross-
ng the subscapular muscle. In our biomechanical study, the best
nterior and inferior stabilization was obtained with a lying-down
raft at 4 o’clock.
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